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METHOD AND APPARATUS FOR OPTICALLY SCANNING A PNEUMATIC TIRE 

OF A VEHICLE WHEEL 

RELATED APPLICATIONS 

[0001] This application is related to a co-pending patent application Serial No. 

, titled "METHOD OF MATCHING A VEHICLE WHEEL," filed 

concurrently herewith; a co-pending patent application Serial No. , entitled 

"METHOD AND APPARATUS FOR BALANCING A MOTOR VEHICLE WHEEL," filed 

concurrently herewith; and a co-pending patent application Serial No. , entitled 

"METHOD AND APPARATUS FOR OPTICALLY SCANNING A VEHICLE WHEEL," 
filed concurrently herewith. All of the applications are commonly assigned to the assignee of 
this application, and are incorporated herein by reference in their entireties. 

FIELD OF THE DISCLOSURE 

[0002] The disclosure concerns a method and apparatus for optically scanning a 

pneumatic tire of a vehicle wheel, and in particular, a method and apparatus for scanning a 
motor vehicle wheel, which is mounted rotatably about a stationary axis, by means of one or 
more light beams. 

BACKGROUND AND SUMMARY OF THE DISCLOSURE 

[0003] It is known that a tire tread surface can be scanned with a flat light beam to 

form an image of a strip-shaped profile of the tread surface and record it with a camera. An 
example of sensors that can be used to scan a tire tread surface is described in U.S. Patent No. 
6,535,281, titled "METHOD AND APPARATUS FOR OPTICALLY SCANNING A 
VEHICLE WHEEL,'' the entire disclosure of which is incorporated herein by reference. The 
sensor device includes a light source for emitting a light beam, and a light sensitive receiver 
for sensing lights. The light source and the receiver move synchronously. The surface of a 
motor vehicle wheel is scanned by a light beam emitted from the light source. The reflected 
beam is received by the light-sensitive receiver. The spacing of the scanned location of the 
wheel with respect to a reference location is determined based on the directions of the emitted 
beam and the reflected beam. 
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[0004] This disclosure . describes methods and apparatus for comprehensively 

ascertaining the nature of the pneumatic tire of a motor vehicle wheel with improved 
efficiency. A vehicle wheel under test is mounted rotatably to a measuring shaft of a wheel 
balancing machine. At least one light beam, such as a laser beam, is directed from a light 
source disposed at a given position on to the surface of the pneumatic tire. The at least one 
light beam is reflected from the surface of the pneumatic tire and received by a light-sensitive 
receiver disposed at a given position. A sensor device includes the light source and the light- 
sensitive receiver may be used to scan the tread surface of the pneumatic tire. Dimensions 
and positions of the pneumatic tire or constituent parts of the pneumatic tire are ascertained 
based on the directions of the at least one emitted light beam and the reflected light beam. 
[0005] To scan the two side walls of a tire and the tread thereof, it is possible to use a 

single sensor device that has the light source and the receiver on a common earner. 
Alternatively, three sensor devices, each having the light source and the receiver on a 
common carrier, may be provided to each different surfaces of the tire. For example, a sensor 
device may be associated with the inside tire side wall, the outside tire side wall, and the 
tread surface, respectively. 

[0006] A plurality of surface .locations and/or spots on the pneumatic tire is scanned 

in succession when the tire is rotated. Dimensions and positions of the pneumatic tire or 
constituent parts of the pneumatic tire are ascertained based on the directions of the emitted 
light beam and the reflected light beam. Based on the dimensions and positions of the 
pneumatic tire or constituent parts of the pneumatic tire, it is possible to detect irregular wear 
of the tire or the tire profile depth at the tread surface as well as unacceptable conicity of the 
tread surface. Based on the profile depth, it is possible to ascertain the probable period of use 
of the tire, up to a required tire change. In addition, it is possible to ascertain irregular tire 
wear such as abrasion tracks extending crosswise or flat abrasion tracks on parts of the tread 
surface as well as tire shoulder wear and irregular tire shoulders and the like. In addition, 
scanning the side walls of the tire makes it possible to detect indentations or bulges in those 
parts of the tire. It is also possible to detect an irregular fit of the tire in the rim base. 
[0007] Additional aspects and advantages of the present disclosure will become 

readily apparent to those skilled in this art from the following detailed description, wherein 
only exemplary embodiments of the present disclosure is shown and described, simply by 



way of .Lustration of the best mode contempiated for carrying out the present disclosure As 
will be realized, the present disclosure is capable of other and different embod.ments, and its 
several details are capable of modifications in vanous obvious respects, all without departing 
from the d.sclosure. Accord.ngly, the draw.ngs and description are to be regarded al 
illustrative in nature, and not as restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The accompanying drawings, wh.ch are incorporated in and constitute a part 

of the specification, illustrate exemplary embodiments. 

[0009] Fig. i depicts an exemplary system for comprehensively ascertaining the 

nature of the pneumatic tire of a motor vehicle wheel. 

DETAILED DESCRIPTION OF THE DISCLOSURE 

[0010] In the following description, for the purposes of explanation, numerous 

specif, details are set forth in order to prov.de a thorough understanding of the present 
enclosure. It will be apparent, however, to one skilled in the art that the present disclosure 
may be practiced without these specific details. In other instances, well-known structures and 
dev IC es are shown in block diagram form in order to avoid unnecessarily obscuring the 
present disclosure. 

[0011] Figure 1 shows an exemplary system for comprehensively ascertaining the 

nature of the pneumat.c tire of a motor veh.c.e wheel. In Fig. 1, a veh 1C le wheel 1 is shown 
with a wheel d.sc portion 5 and a nm 4 fixed to the penphery of a wheel disc portion 5 A 
pneumat,c tire 10 is mounted on a nm 4. T.re beads are supported in known manner at rim 
flanges 6 of the rim 4. The vehicle wheels can be any kind, such as motor vehicle wheels, 
motorcycle wheels, trucks, buses, and the like. 

[0012] The vehicle wheel 1 is fixed in a known manner to a measuring shaft 2 of a 

wheel ba.anc.ng machine (not shown) at a fixed location 20, and is supported rotatably about 
an ax,s of rotation that is defined by the measuring shaft 2. The axis, when the wheel is 
clamped in position in centered relationship, coincides with a wheel axis 3, which ensures 
that the wheel axis 3 is stationary on the wheel balancing machine. 

[0013] The dimensions and positions of constituent parts of the pneumatic tire 10 can 

be measured with one or more sensor devices 18 and ascertained by a data processing system, 
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such as a computer. Each sensor device 18 includes a light source 16, such as a laser. In 
addition, each sensor device 18 includes a receiver 12, such as a CCD-sensor, as a position- 
sensitive receiving element. The light source 16 and the receiver 12 are attached to a carrier 
14. The carrier 14 is supported pivotably about a pivot axis 17. The earner 14 can also be 
movably mounted linearly (double-headed arrow 19) or on a predetermined guide path with 
respect to the measuring shaft 2 and the fixing 20 of the vehicle wheel 1 to the measuring 
shaft 2. The pivotal movement and the optionally additional linear or guided movement can 
be implemented by means of a drive (not shown), for example in the form of one or more 
stepping motors. A receiver optical system 13 is also provided on the carrier 14. The receiver 
optical system 13 and the CCD-sensor 11 are constituent parts of the receiver 12. 
[0014] The light source 16 emits a light beam on to the surface of the pneumatic tire 

10 and forms a light spot on the surface. The light beam is reflected and passes through the 
focusing receiver optical system 13 on to the sensor elements of the CCD-sensor 11. The 
CCD-sensor 11 can detect a plurality of local maxima of an illumination intensity function, 
each of the local maxima is independent from each other. The direction of the reflected beam 
depends on the distance of the location scanned on the pneumatic tire 10, relative to the light 
source 16 and to the receiver 12. Based on that distance, the reflected beam is directed by the 
receiver optical system 13 on to a given location of the CCD-sensor 11, and is then converted 
into a position-sensitive or position-dependent signal. That signal is passed to an electronic 
measuring apparatus 8 that is coupled to a position sensor 15. The position sensor 15 
supplies the electronic measuring apparatus 8 with position signals that are representing to 
the respective positions of the light source 16 and the CCD-sensor 11. In one embodiment, 
the light source 16 and the receiver 12 are movable together with each other as they are fixed 
to the common carrier 14. The position signals are in reference to a reference position on the 
wheel balancing machine (not shown). Since the measuring shaft 2 is affixed in stationary to 
the wheel balancing machine, the position signals are thus related to the measuring shaft 2 
and to the axial fixing location 20 at which the vehicle wheel 1 is attached to the measuring 
shaft 2. The electronic measuring apparatus 8 produces measurement signals corresponding 
to the positions of the surface locations (spots) of the pneumatic tire 10, which are scanned by 
the light beams emitted by the light source 16. 



[0015] The surface locations of the pneumatic tire 10 can be detected by three sensor 

devices 18, each of which is associated with the inside (left-hand sensor device 18 in Figure 
1), the outside (right-hand sensor device 18 in Figure 1), and the tread surface (upwardly 
disposed sensor device 18 in Figure 1) of the pneumatic tire 10, respectively. Examples of 
sensor devices 18 are described in U.S. Patent No. 6,535,281, which is incorporated in this 
application by reference previously. It is however also possible to use only one sensor device 
18 that moves into suitable measuring positions on a predetermined guide path to the inside, 
the outside, and the tread surface of the pneumatic tire 10. 

[0016] In order to detect all surface spots of the vehicle wheel 1, the wheel 1 is 

mounted rotatably to the measuring shaft 2, which coincides with the wheel axle 3. The 
electronic measuring apparatus 8 that furnishes the corresponding measurement signals can 
be a constituent part of the respective sensor device 18. It is however also possible for the 
electronic measuring apparatus 8 to be integrated into an evaluation device 9, such as a 
computer, which operates in computer-aided fashion. Dimensions and positions of constituent 
parts of the pneumatic tire 10 as well as properties of those constituent parts can be 
determined and evaluated by the evaluation device 9 in a computer-aided procedure. 
[0017] The respective rotary angle position of the pneumatic tire 10 can be 

determined by a rotary angle sensor 18 connected to the measuring shaft 2 of the wheel 
balancing machine. The sensor 18 supplies rotary angle increments to the evaluation device 
9 representing the rotary movement of the motor vehicle wheel 1. The rotary angle 
increments provide positional information of the respective rotary angle positions of the 
surface location of the tire surface, which is being scanned by the respective sensor device 
18. A tire inflation valve 21 can serve as the reference for determining rotary angles by the 
sensor device 18 that scans the outside of the vehicle wheel. 

[0018] The sensor device 18 associated with the inside of the vehicle wheel may be 

mounted to the housing of the wheel balancing machine, such as beneath the measuring shaft 
2. The sensor device 18 for scanning of the tread surface of the pneumatic tire 10 can be 
disposed in the proximity of a pivot axis of a wheel guard hood that, in the measuring run, is 
pivoted into a position over the rotating wheel. The sensor device 18 associated with the 
outside of the vehicle wheel 1 can be arranged on the pivotable wheel guard hood or 
connected thereto. 
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[0019] As can be seen from Fig. 1, the side walls, i.e., the inward and the outward 

side surfaces of the pneumatic tire 10, as well as the tread surface of the pneumatic tire 10, 
can be scanned with the three sensor devices 18. The region of the tire shoulders can also be 
detected. As already explained earlier, with the scan information, it is possible to detect 
rotary angle-related abrasion points and flat spots, unevenness, and defects on the tire caused 
by abrasion, wear and the like. 

[0020] The disclosure has been described with reference to specific embodiments 

thereof. It will, however, be evident that various modifications and changes may be made 
thereto without departing from the broader spirit and scope of the disclosure. The concepts 
described in the disclosure can apply to various operations of the networked presentation 
system without departing from the concepts. The specification and drawings are, 
accordingly, to be regarded in an illustrative rather than a restrictive sense. 



